A model system is proposed to Investigate, at the molcular level, the pathways of tumor suppression. (20) . For the measurements of virus uptake, 2 x 106 cells were incubated in the presence of 32P-labeled H-1 virus (MOI = 0.5 PFU per cell; 0.1 cpm per PFU) for 1 h at 37°C. Total cell-associated radioactivity was taken as a measurement of virus binding (20) . Bound virus that has not been internalized can be removed from the cell surface with EDTA, a fact that permits the use of EDTAelution-resistant radioactivity for the measurement of virus penetration (20).
Chemical mutagens, viruses, and cellular oncogenes have been widely investigated in relation to their role in malignant transformation (1) . Far fewer systems have been made available to study tumor suppression (2) . The evidence for the existence of tumor suppressor genes comes from experimental studies, statistical analysis of mutations in tumors, and cloning of genes located in chromosomal regions deleted in particular cancers (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . This experimental evidence came first from the analysis of somatic cell hybrids (3) . It has been demonstrated that fusion between malignant and nonmalignant mouse cells resulted in hybrids unable to form tumors. This led to the hypothesis that the malignant phenotype could be suppressed by the introduction of normal genetic information. This hypothesis was further strengthened by single chromosome transfer (7) . More recently, gene transfer definitely confirmed that the malignant phenotype could be suppressed experimentally (9, 10, 12, 13) . The purpose ofour work was to establish an experimental model to study tumor suppression, consisting of a parental human tumor cell line and a directly derived daughter cell line exhibiting suppressed malignancy. The availability of such a system would enable investigations at the molecular level by techniques such as subtraction hybridization. To obtain such a system, we have used the H-1 parvovirus, a small single-stranded DNA virus that has the property of preferentially killing a variety of tumor cells (15) (16) (17) (18) (19) . Hence (20) . For the measurements of virus uptake, 2 x 106 cells were incubated in the presence of 32P-labeled H-1 virus (MOI = 0.5 PFU per cell; 0.1 cpm per PFU) for 1 h at 37°C. Total cell-associated radioactivity was taken as a measurement of virus binding (20) . Bound virus that has not been internalized can be removed from the cell surface with EDTA, a fact that permits the use of EDTAelution-resistant radioactivity for the measurement of virus penetration (20) .
To detect viral DNA in KS cells, PCR analysis was performed using the following primers: 1, S'-GACTGCCT-GTAATGTTCAA-3'; 2, 5'-TGCTCACTAGATGGCGC-TCG-3', 3, 5'-CAGCCAGAGTCACTGCTAAG-3'. The combination of primers 1 (27) . Alternatively, proteins were silver stained. Immunoprecipitation followed by in vitro phosphorylation was performed using the anti-bcr and anti-abl antibodies as described (26). Western blot analysis was performed with the monoclonal antibodies against p210 (Oncogene Science), anti-pim-1 (22), anti-myc (Oncogene Science), and anti-p53 (Oncogene Science).
Trnsfection of Rat Embryo Fibroblaft (REFs) with p53 Mutants. Cells and plasmids used have been described (13, 28 (Fig. 1B) . Sequence analysis of those PCR products derived from KS-cell DNA indicates a 100% identity with the viral sequence. This was confirmed by Southern blot analysis (data not shown). Moreover, the KS cells release infectious H-1 virus. Indeed, the cell-free conditioned medium from a KS culture could be used to infect NBE indicator cells, as shown by in situ hybridization with a H-i-virus-DNA-specific probe (Fig. 1C ). An infectious center assay indicates that each individual KS cell produces infectious H-1 parvovirus, and the cell-free conditioned medium from KS cells, causing the death ofNBE cells, was also able to induce a rapid degeneration of K562 cells (data not shown). These phenotypic changes in KS cells could have been related to a shift in differentiation. Yet, screening of 18 surface antigens, indicative ofthe stage ofdifferentiation (21, 22) , showed KS cells to be indistinguishable from K562 cells (Fig. 1D) . Since KS cells produce cytopathic H-1 virus, the resistance to viral-induced killing developed by KS cells was not due to downregulation of surface receptors. To exclude any contamination of the parental K562 cell population with other cells, DNA fingerprints were performed with a multilocus probe (23) . Identical patterns were observed for K562 and KS cells (Fig. 1E) . The DNA fingerprints obtained with the pH30 monolocus probe (24) also confirmed that both cell lines are ofthe same origin (data not shown). The karyotypes of K562 and KS cells do not display any significant difference (data not shown). Table 1 summarizes the growth properties of K562 and KS Fig. 3A , a similar extent of in vitro phosphorylation was observed for p210 immunoprecipitated from either cell line by anti-bcr or anti-abl antibodies. Western blot analysis with anti-abl antibodies also indicated that K562 and KS cells express the same level of p210 (Fig. 3B) . Two other oncogenes that are activated in leukemias,pim-1 and c-myc (22) , are also expressed in similar amounts by K562 and KS cells (Fig. 3 C and D) . These data indicate that during suppression of the malignant phenotype, some of the proteins that have been implicated in the process of malignant transformation remain active. This was previously described with the p21 c-Ha-ras oncogene that continued to be expressed during suppression of tumorigenicity (32).
Recent evidence indicates that the wild-type p53 is a tumor suppressor gene (12, 13, 33) and that mutations in this gene are common in human cancer (34, 35). We therefore asked whether the suppressed malignant phenotype of KS cells could be correlated with changes in p53 expression. K562 cells do not express detectable levels of p53 (36). This was also confirmed by us (Fig. 3E) . In contrast, p53 protein can be readily detected in KS cells by Western blot analysis using the anti-p53 antibodies PAb240 (31) (Fig. 3E) or PAb421 (37) (data not shown). To determine the nature of the expressed p53, we sequenced the entire p53 coding region in KS cells. Two (Fig.  4C) . The miniprotein encoded by this construct will not bind the endogenous p53 produced by REFs and will not abrogate the sequence-specific DNA binding. For these reasons, it was used as a normal control. On the other hand, construct pCMVDD (Fig. 4C) encodes a p53-derived miniprotein that contains the most C-terminal 89 residues of mouse p53 (28). This protein can oligomerize with wild-type p53, inhibit its DNA binding activity, and presumably render it biologically nonfunctional through a dominant negative mechanism (28). Moreover, a high sensitivity to H-i-induced killing is obtained also in REFs transfected with a pS3 mutated at position 132, which can also interfere with the function ofendogenous rat p53 (28). These data suggest a close relationship between wild-type p53 function and resistance to H-1-induced kiling. This relationship is not secondary to a modulation or downregulation of the H-1 receptor by p53. Binding experiments, using radiolabeled H-1 virus, indicate that there is no correlation between the abundance of H-1 receptor and the nature of the p53 expressed (the percent of bound and internalized H-1 virus was 31% for REFs expressing pCMVASS and 29%6 for those expressing the p53 mutated in position 132).
In conclusion, the present study suggests that while some viruses are known to be oncogenic, the H-1 virus in contrast can be used as a valuable tool for the selection ofa suppressed malignant phenotype. Moreover, at least in some experimental systems, the cellular resistance to H-1 parvovirus killing may be dependent upon a functionally intact p53 protein. A more detailed molecular analysis of the model system presented in this work could lead to the isolation of genes involved in the suppression pathway.
